Introduction
The integrated luminosity collected by the CMS experiment with proton-proton collisions was 6. 13 
The CMS Detector
The Compact Muon Solenoid (CMS) is a multi-purpose detector designed to study protonproton collisions delivered by the CERN Large Hadron Collider. The detector is located in a underground cavern at a depth of 100 m at the site of Cessy, near the border of France and Switzerland. Particles emitted in hard collisions at the center of CMS cross in succession a silicon tracker, electromagnetic and hadron calorimeters, a solenoid magnet generating a megnetic field of 3.8 T and muon detectors embedded in the solenoid iron return yoke. Fig. 2 shows a sketch of the CMS experiment with all subdetectors. The momenta of charged particles are measured using a 13-layer silicon pixel and strip tracker which provides a track momentum resolution of 1% at 100 GeV. The electromagnetic calorimeter (ECAL) is composed of lead tungstate crystals (PbWO 4 ) and provides energy measurements of electromagnetic cascades with a resolution of about 3%/ √ E. The hadron calorimeter (HCAL) is composed of brass-scintillator and provides energy measurements of hadronic cascades with a resolution of about 100%/ √ E. These detectors consist of a barrel assembly covering the central region, plus two endcaps covering the solid angle for particles emitted at lower angle with respect to the beams direction. The outermost component of the CMS detector is the muon system, consisting of four layers of gas detectors placed within the steel return yoke. The muon system is composed by two detectors (Drift Tubes and Resistive Plate Chambers) in the barrel region, and two detectors (Cathode Strip Chambers and Resistive Plate Chambers) in the forward region. More detail on the CMS detector is provided elsewhere [1] . 
Measurements of Electroweak Observables
The Electroweak physics signals provide experimental tool for the calibration of reconstracted physics objects. W and Z decays to leptons provide calibration of the reconstruction of electrons, muons, taus, and missing transverse energy E miss T from neutrinos. Tag-and-probe techniques using Z decays allow to reduce systematic uncertainty on efficiency estimates. The number of produced W (Z) boson is about 100 millions (30 millions) every f b −1 of integrated luminosity. The production cross section of W and Z bosons at a centre-of-mass energy of 7 TeV (and 8 TeV) has been studied both inclusively [2] , [3] and as a function of the number of hadronic jets accompanying the bosons [4] . Additional measurements have determined the cross sections of W γ and Zγ production [5] , as well as the production rates of WW , W Z, and ZZ pairs [6] , [7] , [8] , [9] , [10] , [11] . In all these measurements, W boson candidates are selected by searching for their decay to eν and µν final states, and Z bosons by searching for their ee and µ µ final states. In the case of ZZ production, however, the second boson has also been identified in its decay to τ lepton pairs. The results are in excellent agreement with theoretical calculations, which are available at next-to-leading order (NLO) and next-to-next-to-leading order (NNLO) in perturbative QCD. Figure 3 provides a summary of the CMS measurements of these processes. 
Searches for the Higgs Boson
In July 2012 ATLAS [12] and CMS [13] announced the discovery of a new boson with a mass around 125 GeV. Five decay modes have been studied: γγ, ZZ, WW , ττ and bb. The data sample used corresponds to about 5 f b −1 at 7 TeV and 5 f b −1 at 8 TeV. The updated results for the last four channels with the increased data sample of 12 f b −1 at 8 TeV and the parity measurement using the ZZ decay channel are presented.
Higgs production and decay
The standard model Higgs boson has a non-zero coupling to all massive particles, and can therefore be produced by several different mechanisms in proton-proton collisions. From an experimental standpoint the most important reactions at the LHC are in the order of relevance: 1) gluon fusion diagrams, where a Higgs boson is emitted most frequently by a virtual top-quark loop; 2) vector-boson-fusion processes, where the Higgs is produced together with two characteristic highrapidity hadronic jets resulting from the emission of two virtual W or Z bosons off the initial state quarks; 3) Higgs-strahlung diagrams, where the particle is radiated by a highly-off-shell W or Z boson; 4) top antitop quarks associated production. A graph of the cross sections predicted for these processes as a function of the value of the Higgs boson mass is given in Fig. 4 . 
Searches for H → γγ
The branching fraction of the H → γγ channel is small (Fig. 5) , about 0.2% in the 120-130 GeV mass range, yet the efficient and clean identification of energetic photons and their precise energy measurement allow to discriminate the Higgs invariant mass peak over the large background contribution. The analysis is as published in Ref. [13] and has not been updated with additional data. The event sample is split into two mutually exclusive classes: diphoton events with one forward and one backward jet, consistent with the vector-boson fusion (VBF) topology, and all remaining events. This division is motivated by the consideration that there is a better signal-to-background ratio in the first class than in the second. The non-dijet class, containing over 99% of the data, is subdivided into four sub-classes based on the output of a multivariate discriminant that assigns a high score to signal-like events. Particular care is put in the determination of the hard interaction vertex. The average number of primary vertices due to interactions in 2011 (2012) collisions is about 10 (21). They are distributed along the beam direction within the standard deviation σ Z ∼5-6 cm of the LHC beam. The analysis requires that the vertex location is determined with a better than 1 cm precision in order to reduce to a negligible level the smearing of m γγ resulting from uncertainty in the opening angle of the photon pair. The most probable vertex is identified with better than 80% efficiency using the kinematical properties of the observed charged tracks of each vertex as inputs to a Boosted Decision Tree (BDT) discriminant. The background in the signal region is estimated from a fit to the observed diphoton mass distribution in each of the five event classes. Figure 6 (left) shows the result of performing a weighted sum over all event classes, where the weights are the ratio of signal to background.
Searches for H → ZZ
In the H → ZZ ( * ) → 4 channel [14] , we search for a four-lepton mass peak over a small continuum background. The results for this decay channel have been updated using 5.0 f b −1 of pp data from the LHC collected in 2011 at √ s = 7 TeV, and 12.2 f b −1 collected in 2012 at √ s = 8 TeV. The 4e, 4µ and 2e2µ sub-channels are analysed separately since there are differences in the fourlepton mass resolutions and the background rates arising from jets misidentified as leptons. The dominant irreducible background in this channel is from non-resonant ZZ production. A kinematic discriminant was used to increase the separation between signal and background. The discriminant is constructed based on the probability ratio P sig /P sig + P bkg , the used variables are the masses of the dilepton pairs and the five angles fully defining a four-lepton configuration in their centerof-mass frame (Fig. 11) . The distribution of the four-lepton reconstructed mass for the sum of the 4e, 4µ, and 2e2µ channels is shown in Fig. 6 (right). 
Searches for H → WW
The H → WW → 2 2ν analysis [15] , [16] searches for an excess of events with two leptons of opposite charge, large E miss T , and up to two jets. The results for this decay channel have been updated using 5.0 f b −1 of pp data from the LHC collected in 2011 at √ s = 7 TeV, and 12.1 f b −1 collected in 2012 at √ s = 8 TeV. For events with no jets, the main background comes from nonresonant WW production; for events with one jet, the dominant backgrounds are from WW and topquark production, for the two-jet category the main background is from top-quark production. The events are split into same-flavour and different-flavour dilepton sub-channels, since the background from Drell-Yan production is much larger for the same-flavour dilepton events. The distributions of the transverse mass in the 0-jet category adding the different-flavour final state is described in Fig. 7 for √ s = 8 TeV. The transverse mass is the invariant mass between W + W − with the transverse missing energy used to estimate the neutrino momentum and all the z components set to zero. 
Searches for H → bb and H → ττ
The H → bb search [17] concentrates on Higgs boson production in association with a W or Z boson with the following decay modes: W → e ± ν/µ ± ν and Z → e + e − /µ + µ − /νν. The Z → νν decay is identified by requiring large E miss T . The Higgs boson candidate is reconstructed by requiring two b-tagged jets. The search for H → bb is also performed using events where the Higgs boson is produced in association with a top-quark pair [18] . This analysis uses events where the top-quark pair decays to either the lepton-plus-jets (tt → ν j jbb) or dilepton (tt → ν νbb)
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Recent results from CMS Ezio Torassa final state. The H → τ + τ − search [19] is performed using the final-state signatures eµ, µ µ, eτ h , µτ h , τ h τ h , where electrons and muons arise from leptonic t-decays and τ h denotes τ decaying hadronically.
Combined results
The statistical methodology used in this combination was developed by the ATLAS and CMS Collaborations in the context of the LHC Higgs Combination Group, the description of the methodology can be found in Refs. [20] , [21] . The statistical hypothesys test to quantify the presence of an excess of events over what is expected for the background is described in 4.1:
where n in the number of observed events, s stands for the signal expected under the SM Higgs hypothesis and b stands for backgrounds and θ are nuisance parameters describing systematic uncertainties. The signal s is multiplied by a factor µ, the value of the signal strength modifier which maximizes the maximum likelihood is one interesting indication of the compatibility of the observed events with the expected signal. The p-value (p 0 ) is the probability of an observed or more extreme results due to a statistical background fluctuation p 0 = P(q 0 ≥ q obs 0 | b). The p-values for the five decay mode and the overall combination are shown in Fig. 8 Table 1 summarises the median evaluated for a pseudo-observation equal to the median expected background plus signal rate. The significance for the 5 channel combination is 6.9σ . The mass of the observed state was measured using the ZZ → 4 and γγ channels that have excellent mass resolution and for which the signal significances was 4.4 σ and 4.0 σ , respectively. To extract the value of m X in a model-independent way, the signal strength modifiers for the gg → H → γγ, V BF + V H → γγ, and H → ZZ → 4 processes are assumed to be independent and, thus, not tied to the SM expectation. for the SM Higgs boson (µ = 1) within the ±1σ uncertainties. The updated measurement of the signal strength modifier in [22] is 0.80 ± 0.14.
Higgs parity measurement
For the decay channel X → ZZ → 4 , the kinematic correlations between the four leptons are sensitive to the J P properties of the decaying resonance. The five considered angles Ω(θ * , Φ 1 , θ 1 , θ 2 , Φ) are described in Fig. 11 . The state J P = 0 + is assumed to be a scalar with a coupling structure to Figure 11 : Description of the 5 angle in the X → ZZ → 4 decay used to discriminate between signal and background and between the scalar (SM Higgs) J P = 0 + and the pseudoscalar J P = 0 − hypothesis.
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Recent results from CMS Ezio Torassa gluons and Z bosons equal to that of the SM Higgs boson. The exact definitions of the coupling structure of the pseudo-scalar state J P = 0 − can be found in Ref. [14] . The discriminant D J P used to distinguish the SM Higgs (J P = 0 + ) from one alternative hypothesis J P is the following: ) and are consistent with with expectation, assuming J P = 0 + , within 0.5 standard deviations. The updated measurements [22] increased the distance to the J P = 0 − hypothesis up to 2.6 standard deviation and measured the distance to the J P = 2 + hypothesis to be 3.0 standard deviation. 
Results in Heavy Flavor Physics
The discovery of new charmonium-like states over the last decade poses a serious challenge to the conventional quark model. Many explanations, such as charmed hybrids, tetraquark states, and molecular states, are proposed for these new entities. The CDF collaboration in 2009 reported evidence for a narrow structure, which they called Y(4140) in the exclusive decay B + → J/ψφ K + [23] , [24] . A new search for states in the J/ψφ mass spectrum from exclusive B ± → J/ψφ K + decays [25] is reported. The considered decays are φ → K + K − and J/ψ → µ + µ − . Figure 13 shows the ∆M = m(µ + µ − K + K − ) − m(µ + µ − ) distributions. The two enhancements can not be due to reflections from other two body system decays. The mass and width are measured to be , make these modes powerful probes in the search for deviations from the SM. Several experiments already published upper limits for these two branching ratios (Fig. 14) . The limits published by the CMS experiment are B(B 0 s → µ + µ − ) < 7.7×10 −9 and B(B 0 d → µ + µ − ) < 1.8 × 10 −9 at 95% CL [27] . They were obtained with 5.0 f b −1 of data recorded in 2011 at √ s= 7 TeV.
Recently LHCb published the first observation of the B 0 s → µ + µ − decay channel [28] . The measured branching fraction B LHCb (B 0
is compatible with the standard model expectation. 
Searches for Supersymmetry signatures
Among all hypothesized extensions of the standard model Supersymmetry is one of the most studied alternatives. The symmetry between standard model fermions and bosons with supersymmetric counterparts of bosonic and fermionic nature cancels the large quantum contributions to the Higgs boson mass due to virtual loops of standard model particles. The evidence of supersymmetric particles was still not found. Limits to the allowed mass of the hypothetical SUSY particles were published during recent years with higher and higher values. The CMS experiment has searched the 2011 data for supersymmetric particle signatures in different final states and with specific advanced methods [29] , [31] , [31] . In general SUSY particles can be produced in LHC proton-proton collisions in the form of pairs of squarks or gluinos like in Fig. 15 , which carry colour quantum numbers and are thus subject to strong interactions. Depending on the mass spectrum of SUSY particles, the decay of squarks and gluinos may give rise to several lighter supersymmetric states in succession, with a typical "cascade" signature and characteristic kinematic features. Figure 16 summarizes the status of CMS searches for SUSY particles with 4.9 f b −1 collected in 2011 at √ s=7 TeV. Upper limits in production cross sections are turned into exclusion regions in the plane described by the universal scalar and gaugino masses. The most sensitive searches are the one for jets and missing energy and the "razor" analysis, which exploits the kinematic configurations of the jets in the reconstructed reference frame of superparticle decay. New limits are now available using also the 8 TeV data [32] , [33] , [34] , [35] . In addition to the direct searches strong constraints to the Supersymmentry come from the B s → µ µ limits and from the Higgs boson mass measurements. One recent publication describes the exclusions due to these limits in the Constrained Minimal Supersymmetric Standard Model (CMSSM) parameter space [36] . In Fig. 17 s → µ + µ − admits a lower value of about 1.5 × 10 −9 , which is still larger than the present experimental lower bound derived from the LHCb measurement however, once the Higgs mass limits are imposed, the vast majority of the allowed points are excluded.
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Exotic Searches
A number of exotic extensions of the standard model have been tested with 2011 data: search for heavy bosons Z' and W' with different decay channels, search for heavy long-lived charged particles, search for Black Holes, search for heavy bottom-like quarks, search for quark compositeness (quarks composed by more fundamental entities), search for leptoquarks (scalar or vector bosons, which carry nonzero lepton and baryon numbers). In Fig. 18 as an example, the invariant mass distributions for µ + µ − and e + e − using data corresponding to about 4 f b −1 collected at √ s = 8 TeV is shown. The resulting mass limit at 95% confidence level is 2590 GeV for the Z' in the Sequential Standard Model (SSM) hypothesis. The updated result using the full 2012 data set extended this limit up to 2960 GeV [37]. In Fig. 19 only a summary of the limits from the recent searches using 5 f b −1 at √ s = 7 TeV are provided. More stringed limits will be published with the √ s = 8 TeV data. The interested reader can refer to the public pages of the CMS experiment [38] for a more comprehensive list of results. 
Physics results with hevy ion beams
Suppression of heavy quarkonium states has been proposed as a probe of the properties of the hot and dense medium created in high-energy heavy-ion collisions [39] . If a deconfined state, often referred to as the quark-gluon plasma (QGP), is formed, the confining potential of heavy quark-antiquark pairs is expected to be screened because of interactions with quarks and gluons in the medium. The resulting dissociation of the quarkonium states depends on the temperature of the medium, and is expected to occur sequentially, reflecting the increasing values of their binding energies. The Y(1S) is the most tightly bound quarkonium state, and is hence expected to be the one with the highest dissociation temperature. The suppression pattern was studied with the charmonium, the bottomonium family provides additional theoretical informations. Measurements of the absolute Y(nS) suppression and of the relative suppression of Y (2S) and Y (3S) with respect to Y (1S) has been published by CMS using PbPb (pp) data corresponding to an integrated luminosity of 150 µb −1 (230 nb 
Conclusions
The CMS results with 17.2 inverse femtobarns of collisions collected in the 2011 and 2012 proton-proton runs of the Large Hadron Collider have been described. Some updated results with about 25 inverse femtobarns have already been published, someone else will be published next months. The significance of the Higgs signal reached 6.9σ and is equal or larger than 3σ in three decay channels (ZZ, γγ and WW ). The mass of the Higgs boson is confirmed to be about 126 GeV with one error of about 0.5 GeV. The parity measurement is in favour of the positive parity (SM) hypothesis with 2.5 standard deviations. Two new resonances were found, the first Y (4140) confirms the CDF observation, the second Y (4317) is a new observed resonance. New limits have been published for the B d/s → µ + µ − search, we expect to improve these measurements with the √ s = 8 TeV data to cross check to the LHCb observation. New limits for SUSY and Exotic searches have been published, providing at the moment no evidence for new physics. Suppression of Y (nS) resonances in PbPb collisions have been confirmed and measured.
